Objective To evaluate reproductive history risk factors in breast cancer among Hispanic (HISP) women in the U.S. southwest, a population with approximately 33% lower breast cancer incidence than non-Hispanic whites (NHW). Methods Population-based case-control study of HISP (796 cases, 919 controls) and NHW (1,525 cases, 1,596 controls) women. Results 19.3% of HISP women reported five or more births and had a reduced risk of breast cancer, adjusted odds ratio (OR) 0.70 (95% confidence interval (CI): 0.50, 0.98) compared to those with one or two births. Breast cancer risk for HISP increased with older age at first birth, p trend = 0.008. Parity and age at first birth associations were specific to ER positive tumors. HISP women who had given birth within five years had higher breast cancer risk than women with 16-25 years since a birth, OR 2.62 (95% CI: 1.44, 4.78); the trend with years since last birth was stronger than for NHWs, p interaction = 0.05.
Subjects and methods

Study population
Participants were recruited and interviewed for a casecontrol study of breast cancer in the U.S. states of Arizona, Colorado, New Mexico, and Utah. Methods for identifying, recruiting, and interviewing subjects have been described previously [4, 14] . Cases with an incident primary breast cancer diagnosed in December 1999-September 2004 were identified through state-wide cancer registries in each state. HISP ethnicity was initially identified from cancer registry information or by computerized search using the GUESS (Generally Useful Ethnic Search System) [15] algorithm and Census Spanish Surname List [16] . All HISP cases was selected for the study, and a sample of NHW cases, frequency-matched to HISP on age, were selected. Control subjects, frequency-matched to cases on age and ethnicity, were selected from computerized drivers' license lists in New Mexico and Utah, or from commercially available lists in Arizona and Colorado for ages up to 64 years; subjects aged 65 and older were selected from Center for Medicare Studies lists. HISP controls were initially identified using the computerized surname search. Women who, when contacted for the study, self-identified as nonHispanic white, Hispanic, or American Indian, and were capable of responding to questions in English or Spanish, were eligible to be interviewed. Women with a prior diagnosis of breast cancer were ineligible for this analysis.
Interview
A questionnaire was administered by a trained interviewer using computer-assisted personal interview software. Interviews were audio-recorded for quality assurance [17] . The complete text of the questionnaire is available at https://www.zorro.hrc.utah.edu/breast.html.
Information was obtained about diet, medical history, physical activity, menstrual history and use of hormones, pregnancy history, family history of cancer, history of mammograms, and tobacco and alcohol exposures. Exposure histories referred to a reference year one year before diagnosis for cases and one year before selection for the study for controls. Questions about pregnancies included the year, duration, and outcome of each pregnancy and the duration of breastfeeding for each child.
Among eligible subjects contacted for the study, cooperation rates for the four groups were 63% for HISP cases, 36% for HISP controls, 71% for NHW cases, and 47% for NHW controls [4] . Cases and controls were similar with regard to characteristics influencing participation [18] . The study protocol received human subjects' research approval at each institution, and subjects provided written informed consent.
Tumor characteristics
Data describing clinical characteristics of cases at diagnosis, including tumor stage, grade, histology, and ER expression, were obtained from the cancer registries; categories for these variables were based on standardized definitions [19] .
Data analysis
Frequency distributions of characteristics of HISP women were compared to NHW women using chi-square tests with Mantel-Haenszel adjustment for age. We evaluated associations between reproductive history variables and breast cancer using logistic regression models. A major study goal was to examine breast cancer risk factors among Hispanics, and therefore, our primary analysis considered HISP and NHW women separately. Final classification of ethnicity was based on self-report. There were too few American Indian participants (n = 127) for separate analysis, so American Indian women were grouped with HISP (because the two groups in the U.S. Southwest have shared genetic heritage [20] ) for analysis. Subgroup analyses were conducted for pre-and post-menopausal women but are generally not reported if associations were qualitatively similar for the two groups. All models included covariates for age and study center, which were frequency-matching variables, and for education to account for its possible influence on study participation [18] . For exposures of interest for this analysis that were highly correlated with other exposures, e.g., age at first birth, parity, and years since last birth, we examined ORs from two analyses, with and without mutual adjustment. We included other potential confounders in the logistic model if a confounding effect (change of 10% or more in the coefficient for the exposure of interest) was present; variables that met this criterion for any exposure of interest were included in all final analyses. Variables examined as potential confounders that were not included in the final models included: mammography history, height, gestational diabetes, total energy intake from diet, language acculturation, genetic admixture, and characteristics of community of residence (i.e., language, education, and income levels, based on census data). We evaluated trend in associations using a likelihood ratio test of a variable representing the ordered categories of the exposure, treated as a continuous variable. Differences in associations between ethnic groups were tested using a likelihood ratio test for an interaction term representing the product of the exposure trend variable and ethnicity category. We evaluated associations between reproductive risk factors and subgroups of breast cancers according to ER status of tumors, estimating ORs for each group compared to controls in separate logistic regression models. Heterogeneity of associations for risk factors by ER status was evaluated by testing for significance of the exposure trend in a comparison of ER positive cases versus ER negative cases in a logistic regression model. Population attributable risk percents [21] were calculated based on the prevalence of controls in the polytomous exposure categories in this study and the adjusted odds ratios for the entire study population. SAS 9.1 (SAS Institute Inc., Cary, NC) was used for statistical analysis.
Results
A total of 5,012 eligible women were interviewed. After omitting respondents who could not be analyzed for associations between reproductive factors and breast cancer (162 women with incomplete interviews or poor data quality, 12 women who did not provide information about pregnancies, and two who reported never menstruating), there were 796 HISP cases, 919 HISP controls, 1,525 NHW cases, and 1,596 NHW controls available for analysis (Table 1) . HISP controls had lower educational attainment than NHW controls (p \ 0.0001). Participating HISP cases differed from NHW cases on distributions of certain clinical and pathological variables, having higher proportions with regional or distant stage at diagnosis, and with tumors larger than 2 cm in diameter. The difference in distribution of stage at diagnosis by ethnicity was also present when comparisons were made for all eligible cases for whom data were available, including nonparticipants: among all eligible HISP cases, the percentages with in situ, local, and regional/distant disease at diagnosis were 15.1%, 47.8%, and 37.1%, whereas among eligible NHW cases, the corresponding percentages were 16.5%, 53.8%, and 29.7% (p = 0.0003). The two ethnic groups did not differ on tumor histologies, or grade, but, among cases with known ER status, the fraction with ER negative tumors was higher among Hispanics, 26.3%, than non-Hispanic whites. 19 .6% (p = 0.03 for difference by ethnicity, age-adjusted).
A trend of lower breast cancer risk with older age at menarche was only weakly apparent among HISP women, with an OR of 0.85 (95% CI: 0.64, 1.13) for women reporting menarche at age 14 or older compared to age 11 or younger ( Table 2 ). The contrast in breast cancer risk between the oldest and youngest age at menarche categories was stronger among NHW women, with an OR of 0.69 (95% CI: 0.55, 0.86) and a significant trend (p = 0.003), but there was no evidence of heterogeneity of effect by ethnicity (p interaction = 0.57). These trends were similar when pre-and peri-menopausal women were considered separately from post-menopausal women.
Hispanic women with a first birth at age 30 or older had an approximately twofold increased risk of breast cancer compared to women with a first birth before age 20 ( Table 2 ). The association was somewhat more apparent in premenopausal women, with an OR of 2.66 (95% CI: 1.41, 5.02), compared to an OR of 1.56 (95% CI: 0.88, 2.75) in the post-menopausal subgroup (Table 3 ). Nulliparous HISP women had an estimated 30% higher breast cancer risk than women with a first birth before age 20, a non-significant difference. There was little evidence of a trend in breast cancer risk with age at first birth in the NHW study population. NHW in this study included a high proportion who were current users of post-menopausal hormones [4] , an exposure that modifies the effects of other breast cancer risk factors. When recent users of estrogen or estrogen plus progestin post-menopausal hormones were excluded, there was some evidence of a trend of increasing breast cancer risk with older age at first birth among the remaining NHW women (p = 0.07), with an OR of 1.21 (95% CI: 0.82, 1.79) for a first birth at age 30 or older relative to women with a first birth before age 20. The proportion of HISP controls who did not have a first birth before age 20 was 0.739, whereas for non-Hispanic whites, the proportion was 0.863. The population attributable risk percents associated with not having a first birth before age 20 are estimated to be 7.7% for HISP and 9.9% for non-Hispanic whites, a 2.2% difference between the two ethnic groups.
Hispanic women with five or more births had a reduced risk of breast cancer, OR 0.70 (95% CI: 0.50, 0.98) compared to those with one or two births (Table 2) ; the protective effect was similar to that observed for the same comparison among NHW women, OR 0.56 (95% CI: 0.41, 0.75). The ORs for five or more births were 0.83 (0.40, 1.72) for pre-menopausal and 0.66 (0.44, 0.97) for postmenopausal HISP women ( Table 3 ). The trend of increasing breast cancer risk with an older age at first birth among HISP women was attenuated when adjusted for number of births and years since last birth (p trend = 0.76). The reduced risks associated with a higher number of births in both ethnic groups were essentially unchanged by adjustment for age at first birth and years since last birth. The proportion of HISP controls with more than two births was 0.567, whereas for non-Hispanic whites, the proportion was 0.449. The population attributable risks percents associated with higher numbers of births are estimated to be -12.7% for HISP and -8.3% for nonHispanic whites, a 4.4% difference between the two ethnic groups.
Hispanic women who had ever breastfed had a somewhat reduced breast cancer risk compared to those who had given birth but had not breastfed, OR 0.87 (95% CI: 0.70, 1.09), but there was no evidence of a trend with duration of breastfeeding. There was a trend of inverse association between duration of breastfeeding and breast cancer among NHW women, which was attenuated when adjusted for number of births and age at first birth (p = 0.15). The trend with duration of breastfeeding was more evident among premenopausal non-Hispanic whites (Table 3) , with an OR of 0.59 (95% CI: 0.37, 0.95) for 24 or more months of breastfeeding. Among premenopausal HISP women, the OR for the same duration of breastfeeding was 0.79 (95% CI: 0.46, 1.36).
The number of years that had elapsed between a last birth and the reference year were strong predictors of breast cancer risk among HISP women (p trend = 0.0003). HISP women who had given birth within five years had an approximate doubling of breast cancer risk relative to women with a 16-25 year interval since a birth (Table 2) . When pre-and post-menopausal women were considered separately, the trend was present in each group, p = 0.004 and p = 0.01, respectively (Table 3) . There was not a significant trend in breast cancer risk with years since a birth among NHW women (Table 2) , although the comparison of women with more than 35 years since the last birth compared to women with 16-25 years since a birth, OR 0.71 (95% CI: 0.49, 1.02) indicated an almost-significantly reduced risk. There was evidence that there was a difference by ethnicity (p for interaction = 0.05) in the trend of reduced breast cancer risk with years since last birth.
There was no association between induced abortion and breast cancer in HISP or NHW women, nor was there an association in either ethnic group when the comparison was limited to premenopausal women.
We further examined associations between reproductive risk factors and subgroups of ER positive and ER negative breast cancers. Cases with missing ER status (32.5% of HISP cases and 32.4% of NHW cases) did not differ from those with known ER status on associations between reproductive variables and breast cancer risk (data not shown). Among HISP women, trends of lower breast cancer risk with age at menarche, higher risk with older age at first birth, reduced risk with higher parity, and reduced risk with years since last birth were all evident for estrogen receptor positive tumors (Table 4) , but not for estrogen receptor negative tumors, with evidence of heterogeneity of effect for age at first birth (p = 0.001) and parity (p = 0.002). Among NHW women, there were qualitatively similar patterns in that older age at first birth or nulliparity increased the risk of ER positive, but not ER negative breast cancers, and the magnitude of reduced risk for more than two births was stronger for ER positive than for ER negative tumors. Heterogeneity of effects of parity or age at first birth by ER status was not statistically significant among nonHispanic whites. Results were inconsistent for an association between breastfeeding and breast cancer, which was more evident for ER negative tumors among HISP but for ER positive tumors among non-Hispanic whites.
Results were very similar if the subgroups were limited to cases with ER negative/progesterone receptor (PR) negative and ER positive/PR positive tumors (data not shown).
Discussion
Our analysis of reproductive variables in relation to breast cancer among HISP women indicates that several risk factors that are documented in the literature for NHW [5, 6, [22] [23] [24] influence breast cancer risk in HISP in a similar manner. These include younger age at first birth, higher parity, and longer time since last pregnancy, all of which were associated with significant trends of reduced breast cancer risk. The associations with age at menarche and with breastfeeding were not statistically significant in the HISP women studied, but were of comparable magnitude to associations in non-Hispanic whites. Gilliland et al., describing associations between reproductive factors and breast cancer among HISP women diagnosed in New Mexico in 1992-1994 [2] , had reported that risk of breast cancer among nulliparous HISP women was more than doubled compared to women with one full-term birth, but that there was no protective effect of higher parity. Differences between the studies in these results may be based on chance, as nulliparous women were a relatively small category of HISP in both studies; Gilliland et al. reported on fewer than 80 nulliparous HISP women. Recent reports considering lifestyle risk factors and breast cancer in prospective studies of multi-ethnic populations include 103 HISP cases in a report by Chlebowski et al. [25] and 276 Latina cases in a report by Pike et al. [26] . These authors did not present estimates of the ethnicity-specific relative risks.
In the present study, the strongest evidence of heterogeneity of effect of a reproductive risk factor between HISP and NHW was for the trend in breast cancer risk with time since a last full-term birth. Studies in majority NHW populations have observed a transient increase in breast cancer risk after a birth, which diminishes with time, trending toward the longer-term reduced risk associated with a birth [27] [28] [29] [30] . The doubling of risk for HISP women in the present study with a birth within five years of the reference date indicates a qualitatively similar, but possibly quantitatively stronger, pattern. We are not aware of any comparable data from other HISP populations (this exposure was not reported on by Gilliland et al. [2] ). A biologically based difference between ethnic groups in the influence of pregnancy is possible, perhaps related to differences in hormone exposure during pregnancy [31] . Premenopausal and post-menopausal HISP women had similar patterns of associations between reproductive risk factors and breast cancer, with no indication of a reversed association with parity among young women as has been reported for African-American women [32] . We observed that the higher breast cancer risk associated with older age at first birth, and the reduced breast cancer risk associated with higher parity, were present only for ER positive tumors among Hispanics. Thus results for HISP in the present study display the same tendency of specificity of certain associations to ER positive tumors that was described in a recent meta-analysis of 10 studies [11] of primarily NHW populations.
A potential limitation of this study is that study participation was less than optimal. Low participation rates in a case-control study are always a concern because comparisons may be biased if factors influencing participation differ between case and control populations. When we compared participants and non-participants in the 4 Corners Study [18] , we found that age and ethnicity strongly influenced participation. Patterns of association of community characteristics such as income, language, and education, as described by census data, with study participation were generally similar for cases and controls. Thus the potential for bias due to case-control differences in characteristics related to participation should be ameliorated by adjustment for age, ethnicity, and education. However, to the extent that individual characteristics that do not correspond well to age, ethnicity, or communitylevel census data may have influenced participation differently for cases and controls, the possibility of residual bias must be acknowledged. Among study participants, analyses that included cultural characteristics as represented by mammography history, language acculturation, and community-level census variables, or genetic background represented by a genetic admixture variable [20] , did not appreciably change odds ratios. Regarding the transient increase in breast cancer risk after a pregnancy, it has been suggested that the apparent association between case status and a recent birth could be a product of bias if controls with young children differentially refuse participation of a case-control study [28] . However, the association has been observed in registry-linkage studies, a setting in which participation is not an issue [27, 29] . In our study population, the reduced risk with time since birth among HISP was significant when women with 36 or more years since a birth were compared to women with 16-25 years since a birth, an association which is unlikely to be explained by issues of participation.
Hispanic women in the U.S. southwest reported a birth before age 20 more frequently than non-Hispanic whites, and HISP women also reported larger family sizes. Reduced breast cancer risk associated with these reproductive patterns could account for some of the difference in breast cancer incidence between the two groups. Based on the New Mexico SEER registry, which has the largest HISP population in the region, HISP women have an ageadjusted breast cancer incidence of 89.9 per 100,000, compared to 134.8 per 100,000 among NHW [1] . Population attributable risk percents based on our data indicate that differences in parity would explain a 4.4% difference, and age at first birth a 2.2% difference. The result of the present analysis, specific to reproductive history, can be seen to be consistent in principal with those from prospective studies which have reported that differences in breast cancer incidence between HISP or Latina and white women were accounted for by differences in the prevalence of reproductive and other risk factors [25, 26] . Cohort studies have the advantage of ability to directly estimate incidence rates, which is not possible in casecontrol studies. Cohort studies are less subject to selection bias, although representativeness can be an issue. Investigators conducting both types of studies have experienced difficulties in accruing population-based samples of ethnic minority groups in the U.S. Case-control studies can often accrue a larger number of cases in a short time period than cohort studies, which allowed us, in the present study, to calculate ORs for risk factor associations within the Hispanic ethnic group specifically. Environmental, cultural, and biological factors should continue to be examined in relation to the ethnic differences in breast cancer incidence.
